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(57) Abstract: Provided is an apparatus for depositing a thin film on a wafer. The provided apparatus, including a reactor block 1 10 
in which a wafer w is located, a wafer Mock 120 installed in the reactor block 110 to mount the wafer w, a top plate 130 coupled 
to cover the reactor block 1 10, a first supply line 151 for transferring a first rcactant gas and/or inert gas supplied to the wafer w, a 
second supply line 156 for a second reactant gas and/or the inert gas supplied to the wafer w, and a showerhead 140 installed to the 
top plate 130 while having a plurality of first and second to spray holes 149a and 149b for spraying the gases supplied through the 
first and second supply fines 151 and 156 toward the wafer w t has the showerhead 140 including first, second, and third diffusion 
plates 141, 144, and 147, which are successively stacked, wherein the first diffusion plate 141 includes radiation -shaped passages 
142 connected to the is second supply line 156 and first distribution holes 142a and 142b communicating with the radiation-shaped 
passages 142; the second diffusion plate 144 includes a second diffusion region 145 for evenly diffusing the gas supplied through 
the fust distribution holes 142a and 142b and second distribution holes 145a formed on the second diffusion region 145 in uniform 
intervals; and the third diffusion plate 147 includes a third diffusion region 143 for evenly diffusing the gas supplied through the first 
supply line 151, first spray holes 149a for spraying the gas supplied through the third diffusion region 14S, and second spray holes 
149b for spraying the gas supplied through the second distribution holes 145a while the first and second spray holes I49aand 149b 
are formed in specific intervals. 
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APPARATUS FOR DEPOSITING THIN FILM ON WAFER 

Technical Field 

The present Invention relates to an apparatus for depositing a thin 
5 film on a semiconductor wafer. 

Background Art 

An apparatus for depositing a thin film on a wafer deposits thin 
films on the wafer by Inputting a plurality of reactant gases into the 

10 apparatus. In order to fabricate highly integrated chips, the thin films 
having high purity and excellent electric characteristics should be 
deposited on the wafer. Furthermore, since semiconductor 
manufacturers intend to form micro design rules, it is required to even 
the thickness of the thin film as well as improving the purity and the 

15 electric characteristics of the thin film. To this end, the reactant gases 
input to the apparatus have to be evenly sprayed onto the wafer. Thus, 
the studies of improving the structure of the apparatus for depositing the 
thin film on the wafer have taken place, 

20 Disclosure of the Invention 

To solve the above-described problems, it is an objective of the 
present invention to provide an apparatus for depositing a thin film on a 
wafer to efficiently deposit the thin film of realizing high purity, excellent 
electric characteristics, and excellent step coverage on the wafer by 
25 using a plurality of reactant gases. 

It is another objective of the present invention to provide an 
apparatus for depositing a thin film on a wafer to Improve a heat 
dissipation efficiency In order to solve the problems due to a high 
temperature of a showerhead regardless of the high temperature on a 
30 wafer block. 

To meet the above objectives, according to one aspect of the 
present invention, there is provided an apparatus for depositing a thin 

1 
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film on a wafer, Including a reactor block 110 in which a wafer w Is 
located, a wafer block 120 installed in the reactor block 1 1 0 to mount the 
wafer w. a top plate 130 coupled to cover the reactor block 110, a first 
supply line 151 for transferring a first reactant gas and/or inert gas 
5 supplied to the wafer w, a second supply line 156 for a second reactant 
gas and/or the inert gas supplied to the wafer w, and a showerhead 140 
Installed to the top plate 130 while having a plurality of first and second 
spray holes 149a and 149b for spraying the gases supplied through the 
first and second supply lines 151 and 156 toward the wafer w, wherein 

io the showerhead 140 includes first, second, and third diffusion plates 141 , 
144, and 147, which are successively stacked, wherein the first diffusion 
plate 141 includes radiation-shaped passages 142 connected to the 
second supply line 156 and first distribution holes 142a and 142b 
communicating with the radiation-shaped passages 142; the second 

15 diffusion plate 144 includes a second diffusion region 145 for evenly 
diffusing the gas supplied through the first distribution holes 142a and 
142b and second distribution holes 145a formed on the second diffusion 
region 145 in uniform intervals; and the third diffusion plate 147 includes 
a third diffusion region 148 for evenly diffusing the gas supplied through 

20 the first supply line 151, first spray holes 149a for spraying the gas 
supplied through the third diffusion region 148, and second spray holes 
149b for spraying the gas supplied through the second distribution holes 
145a while the first and second spray holes 149a and 149b are formed in 
specific intervals. 

is It Is preferable that a plurality of plate distribution holes 132 are 

formed on the top plate 130 to connect the second supply line 156 and 
the first distribution holes 142a and 142b 

It is preferable that the upper surface of the second diffusion plate * 
144 is irregularly formed, and the second distribution holes 145a are 
30 formed on concave portions. 

It Is preferable that the upper surface of the third diffusion plate 
147 Is Irregularly formed, and the first spray holes 149a are formed on 
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concave portions and the second spray holes 149b are formed on 
convex portions. 

It is preferable that the apparatus further comprises a first diffuser 
163 having a plurality of symmetrically formed holes 163a to evenly mix 
5 the first reactant gas and/or the inert gas supplied through the first supply 
line 151 and spray the gas to the third diffusion region 148. 

It is preferable that the apparatus further comprises a second 
diffuser 168 embedded in a diffusion chamber 167 to evenly mix the 
second reactant gas and/or the inert gas supplied through the second 
10 supply line 156 and supply the gas to the radiation-shaped passages 142, 
wherein holes 168a are symmetrically formed on the second diffuser 
168. 

It is preferable that refrigerant passages 133. through which a 
refrigerant flows, are formed in the top plate 130. Here, the refrigerant 
15 passages 133 Include an inner refrigerant passage 133a formed on the 
central portion of the showerhead 140 and an outer refrigerant passage 
133b formed to surround the Inner refrigerant passage 133a. 

Brief Description of the Drawings 
20 FIG. 1 is a sectional view illustrating an apparatus for depositing a 

thin film on a wafer; 

FIGS. 2 and 3 are exploded perspective views illustrating a top 
plate and a showerhead of FIG. 1, wherein FIG. 2 is a top view and FIG. 
3 is a bottom view; 

25 FIGS. 4 and 5 are perspective views illustrating a first diffusion 

plate of FIG. 1 , wherein FIG. 4 is a top view and FIG. 5 Is a bottom view; 

FIG. 6 and 7 are perspective views illustrating a second diffusion 
plate of FIG. 1, wherein FIG. 6 is a top view and FJG. 7 is a bottom view; 
FIGS. 8 and 9 are perspective views illustrating a third diffusion 
30 plate of FIG. 1 , wherein FIG. 8 is a top view and FIG. 9 is a bottom view; 

FIG. 10 Is a perspective view illustrating a reactant gas Introducer 
of FIG. 1; 

3 
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FIGS. 11 and 12 are perspective views illustrating a second 
diffuser embedded In the reactant gas introducer of FIG. 10, wherein FIG. 
11 is a top view and FIG. 12 is a bottom view; and 

FIG. 13 is a plane view illustrating refrigerant passages formed in 
5 the top plate of FIG. 1, 

Best mode for carrying out the Invention 

The present Invention will now be described in more detail with 
reference to the accompanying drawing. 

io FIG. 1 is a sectional view illustrating an apparatus for depositing a 

thin film on a wafer according to the present invention. FIGS. 2 and 3 
are exploded perspective views Illustrating a top plate and a showerhead 
of FIG. 1 , wherein FIG. 2 is a top view and FIG. 3 is a bottom view. 

With reference to FIGS. 1 through 3, the apparatus for depositing 

is the thin film on the wafer includes a reactor block 1 10, a wafer block 120, 
a top plate 130, and an exhaustion unit (not shown). Here, a wafer w, 
which is transferred through a wafer transfer hole 115, is located in the 
reactor block 1 1 0. The wafer block 1 20 is installed in the reactor block 
1 1 0, and the wafer w is mounted on the wafer block 1 20. The top plate 

20 130 is Installed to cover the reactor block 110 to separate the reactor 
block 110 from the outside. The exhaustion unit exhausts gases from 
the reactor block 1 10 to the outside. 

First and second supply lines 151 and 156 for respectively 
transferring first and second reactant gases and/or inert gas supplied to 

25 the wafer w are assembled on the top of the top plate 130 by a reactant 
gas introducer 160. A showerhead 140 for spraying the gases supplied 
from the first and second supply lines 151 and 156 toward the wafer w is 
installed on the bottom of the top plate 130. 

Here, the top plate 130 includes an installation hole 131 so that 

30 the showerhead 140 is installed at the bottom of the top plate 130 in the 
state of being installed in the installation hole 131, A plurality of plate 
distribution holes 132 connected to radiation-shaped passages 142 on a 
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first diffusion plate 141, which will be described later, are formed around 
the Installation hole 131. 

As shown in FIG. 13, circular refrigerant passages 133 are formed 
in the top plate 130 to cool the top plate 130 and the showerhead 140. 
5 Here, the number of refrigerant passages can be plural, for example, two 
in the present invention. In this case, the amounts of refrigerants 
flowing through the refrigerant passages 133a and 1 33b are controlled to 
control the cooling degrees of the top plate 130 and the showerhead 140. 
The refrigerant passages 133 can be divided into the Inner refrigerant 
10 passage 133a and the outer refrigerant passage 133b. By controlling 
the amounts of the refrigerants flowing through the refrigerant passages 
133a and 133b, the temperature of the showerhead 140 can be 
maintained uniform even if the temperature of the showerhead 140 at the 
center Is higher than that the temperature at Hie edges due to the radiant 
15 heat generated in the wafer block 120. 

The shower head 140 includes a plurality of first spray holes 149a 
and second spray holes 149b formed on a bottom in uniform Intervals, as 
shown in FIG. 9. In FIG. 9, transparent circles denote the first spray 
holes 149a and opaque circles denote the second spray holes 149b in 
20 order to clearly describe the present invention. The gas supplied 
through the first supply line 151 is sprayed via the first spray holes 149a 
and the gas supplied through the second supply line 156 Is sprayed via 
the second spray holes 149b. 

When the showerhead 140 is described in detail, the showerhead 
25 140 is formed of first through third diffusion plates 141, 144, and 147, 
which are successively stacked at the lower portion of the top plate 130. 

FIGS. 4 and 5 are perspective views illustrating the first diffusion 
plate 141 of FIG. 1, wherein FIG. 4 Is a top view and FIG. 5 is a bottom 
view. 

30 Referring to FIGS. 4 and 5, the first diffusion plate 141 includes 

the radiation-shaped passages 142 connected to the second supply line 
156 and first distribution holes connected with the radiation-shaped 

5 
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passages 142. Here, the first distribution holes are divided Into inner 
first distribution holes 142a formed at the central portion of the 
radiation-shaped passages 142 and outer first distribution holes 142b 
formed at the edge portions of the radiation-shape passages 142. 

5 In addition, an installation pipe 143 is formed at the center of the 

first diffusion plate 141. Here, the installation pipe 143 is coupled to the 
installation hole 131 when the second and third diffusion plates 144 and 
147 are assembled with the first diffusion plate 141 so that the 
showerhead 140 Is Installed to the top plate 130. 

10 FIGS. 6 and 7 are perspective views Illustrating the second 

diffusion plate 144 of FIG, 1, wherein FIG, 6 is a top view and FIG. 7 is a 
bottom view. 

Referring to FIGS. 6 and 7, the second diffusion plate 144 
Includes a second diffusion region 145 for evenly diffusing the gas 

15 supplied through the inner and outer first distribution holes 142a and 
142b f and second distribution holes 145a s which are formsd on the 
second diffusion region 145 m uniform intervals. Here, the second 
diffusion region 145 is formed due to Irregularities on the upper surface 
of the second diffusion plate 144. The second distribution holes 145a 

20 are formed on the concave portions in uniform intervals. 

FIGS. 8 and 9 are perspective views illustrating the third diffusion 
plate 147 of FIG. 1, wherein FIG, 8 is a top view and FIG. 9 is a bottom 
view. 

Referring to FIGS. 8 and 9, the third diffusion plate 147 has a third 
25 diffusion region 148 for evenly diffusing the gas supplied through the first 
supply line 151. Here, the third diffusion region 148 rs formed due to 
the irregularities on the upper surface of the third diffusion plate 147, 

The first spray holes 149a are formed on the concave portions of 
the third diffusion plate 147 and the second spray holes 149b are formed 
30 on the convex portions. The first through third diffusion plates 141 , 144, 
and 147 are stacked so that the gas supplied through the first supply line 
151 is sprayed via the first spray holes 149a and the gas supplied 

6 
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through the second supply line 156 is sprayed via the second spray 
holes 149b. 

The first through third diffusion plates 141, 144, and 147 are firmly 
attached to the bottom of the top plate 130 using screws, wherein the 
5 irregular upper surfaces of the second and third diffusion plates 144 and 
147 are attached to the bottoms of the first diffusion plate 141 and the 
second diffusion plate 144, respectively. In this case, the second 
distribution holes 145a on the second diffusion plate 144 communicate 
with the second spray holes 149b on the third diffusion plate 147. 
io FIG. 10 is a perspective view Illustrating the reactant gas 

introducer 160 of FIG. 1. FIGS. 11 and 12 are perspective views 
illustrating a second diffuser 168 embedded in the reactant gas 
introducer 160 of FIG. 10, wherein FIG. 11 is a top view and FIG. 12 is a 
bottom view, 

15 As shown in FIGS. 1 , 2, and 10, the reactant gas introducer 160 is 

attached to the top of the top plate 130 In die state of being closely 
Inserted Into the Installation pipe 143 of the first diffusion plate 141 . The 
reactant gas Introducer 160 is formed of a gas introduction tube 161, 
which is coupled to the Inside of the installation pipe 143, and a diffusion 

20 chamber cap 166, which is attached to the top of the top plate 130. 
Here, O-rlngs are Installed between the gas introduction tube 161 and 
the installation pipe 143, and between the diffusion chamber cap 166 
and the top plate 130 to seal the gaps between the components. 
A through hole 162 is formed in the gas introduction tube 161. 

25 A ring-shaped diffusion chamber 167 is formed in the diffusion 

chamber cap 166. 

The first supply line 151 is coupled to the gas introduction tube 
161. A first diffuser 163 for evenly mixing the first reactant gas and/or 
the inert gas and spraying the gas is arranged at the end of the gas 

30 introduction tube 161. A plurality of holes 163a are symmetrically 
formed on the first diffuser 163. Here, the holes 163a are formed at the 
central portion of the third diffusion region 148 on the third diffusion plate 

7 
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147. In the present invention, four holes 163a are arranged. 

The second supply line 156 is coupled to the diffusion chamber 
cap 166. A second diffuser 168 for evenly mixing the second reactant 
gas and/or the inert gas and supplying the gas to the radiation-shaped 

5 passages 142 via the plate distribution holes 132 is Installed in the 
diffusion chamber 167, which Is formed in the diffusion chamber cap 166. 
A plurality of holes 168a are symmetrically formed on a ring-shaped 
member to form the second diffuser 168. 

in a conventional showerhead, a large circular diffusion region is 

10 formed to efficiently diffuse the second reactant gas; however, such a 
structure cannot maintain a pertinent temperature of the showerhead by 
using the heat transfer efficiency of the showerhead when performing a 
chemical vapor deposition (CVD) or an atomic layer deposition (ALD) 
process at a high temperature. 

15 In the present invention, even when the temperature of the wafer 

block 120 is higher than 550°C, the irregularities on the first through third 
diffusion plates 141, 144, and 147 efficiently conduct the radiant heat of 
the wafer block 120 toward the top plate 130. Accordingly, the 
showerhead 140 is prevented from being bent or corroded due to high 

20 temperature, and the reaction of the showerhead 140 with the process 
gas is minimized to minimize the generation of particles. 

In addition, the refrigerant passages 133 formed in the top plate 
130 also control the temperature of the showerhead 140. Here, If the 
pertinent temperature of the showerhead 140 cannot be maintained 

25 using the heat transfer efficiency of the showerhead 140 to the top plate 
130 alone due to the process temperature, a refrigerant, such as water, 
oil, or air, Aowb through the refrigerant passages 133. Accordingly, the 
pertinent temperature of the first through third diffusion plates 141 , 144, 
and 147 of the showerhead 140 is maintained. The reason for dividing 

30 the refrigerant passages 1 33 into the inner refrigerant passage 1 33a and 
the outer refrigerant passage 133b Is described above. 

Hereafter, the operation of the apparatus for depositing the thin 

8 
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film on the wafer will now be described. 

t 

The wafer w transferred through the wafer transfer hole 115 Is 
mounted on the wafer block 1 20. 

Thereafter, when the wafer w is heated at a predetermined 
5 temperature, the first reactant gas and/or the inert gas is supplied to the 
third diffusion region 148 of the third diffusion plate 147 by passing the 
first supply line 151, the through hole 162, the first diffuser 163, and the 
holes 163a. The first reactant gas and/or the inert gas supplied to the 
third diffusion region 148 is sufficiently diffused on the third diffusion 
10 region 1 48 and sprayed to the wafer w via the first spray holes 149a. 

On the other hand, the second reactant gas and/or the inert gas is 
supplied to the radlatlon-shaped passages 142 of the first diffusion plate 
141 by passing the second supply line 156, the diffusion chamber 167 of 
the reaotant gas introducer 160, the holes 166a of the second diffuser 
15 168, and the plate distribution holes 132. Thereafter, the second 
reactant gas and/or the inert gas is supplied to the second diffusion 
region 145 of the second diffusion plate 144 via the first distribution hofes 
142a and 142b of the radiation-shaped passages 142 and diffused on 
the second diffusion region 145. The second reactant gas and/or the 
20 inert gas is sprayed to the wafer w via the second spray holes 149b after 
passing through the second distribution holes 145a. 

As described above, the first and second reactant gases and/or 
the inert gas forms the thin film on the wafer w, and reactants and the 
gases not used In the process are transferred to the exhaustion unit via 
25 an exhaustion hole. 

The drawing and specification of the Invention are provided for 
illustration only and are not used to limit the scope of the invention set 
forth In appended claims. 

30 Industrial Applicability 

As described above, a thin film having high purity, excellent 
electric characteristics, and excellent step coverage can be efficiently 

9 
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deposited on a wafer using a plurality of reactant gases. In addition, a 
CVD process and an ALD process can be performed at a high 
temperature. 



10 
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What is claimed is: 

1 . An apparatus for depositing a thin film on a wafer, including 
a reactor block 110 In which a wafer w is located, a wafer block 120 
installed in the reactor block 110 to mount the wafer w, a top plate 130 

5 coupled to cover the reactor block 110, a first supply lins 151 for 
transferring a first reactant gas and/or Inert gas supplied to the wafer w, 
a second supply line 156 for a second reactant gas and/or the inert gas 
supplied to the wafer w, and a showerhead 140 Installed to the top plate 
130 while having a plurality of first and second spray holes 149a and 

10 149b for spraying the gases supplied through the first and second supply 
lines 151 and 156 toward the wafer w, wherein the showerhead 140 
includes first, second, and third diffusion plates 141, 144, and 147, which 
are successively stacked, 

wherein the first diffusion plate 141 Includes radiation-shaped 

is passages 142 connected to the second supply line 156 and first 
distribution holes 142a and 142b communicating with the 
radiation-shaped passages 142; 

the second diffusion plate 144 Includes a second diffusion region 
145 for evenly diffusing the gas supplied through the first distribution 

20 holes 142a and 142b and second distribution holes 145a formed on the 
second diffusion region 145 in uniform intervals; and 

the third diffusion plate 147 includes a third diffusion region 148 
for evenly diffusing the gas supplied through the first supply line 151, first 
spray holes 149a for spraying the gas supplied through the third diffusion 

25 region 148, and second spray holes 149b for spraying the gas supplied 
through the second distribution holes 145a while the first and second 
spray holes 149a and 149b are formed in specific intervals. 

2. The apparatus of claim 1, wherein a plurality of plate 
30 distribution holes 132 are formed on the top plate 130 to connect the 

second supply line 156 and the first distribution holes 142a and 142b 

11 
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3. The apparatus of claim 1 , wherein the upper surface of the 
second diffusion plate 144 is irregularly formed, and the second 
distribution holes 145a are formed on concave portions. 

5 4. The apparatus of claim 1 , wherein the upper surface of the 

third diffusion plate 147 is irregularly formed, and the first spray holes 
149a are formed on concave portions and the second spray holes 149b 
are formed on convex portions. 

10 5. The apparatus of claim 1 , further comprising a first diffuser 

163 having a plurality of symmetrically formed holes 163a to evenly mix 
the first reactant gas and/or the inert gas supplied through the first supply 
line 151 and spray the gas to the third diffusion region 148. 

15 6. The apparatus of claim 1, further comprising a second 

diffuser 168 embedded in a diffusion chamber 167 to evenly mix the 
second reactant gas and/or the Inert gas supplied through the second 
supply line 156 and supply the gas to the radiation-shaped passages 142, 
wherein holes 168a are symmetrically formed on the second diffuser 

20 1 68. 

7. The apparatus of claim 1, wherein refrigerant passages 
133, through which a refrigerant flows, are formed in the top plate 130. 

25 8. The apparatus of claim 1 , wherein the refrigerant passages 

133 include an inner refrigerant passage 133a formed on the central 
portion of the showerhead 140 and- an outer refrigerant passage 133b 
formed to surround the Inner refrigerant passage 133a. 
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